of the CT's biodiversity has received increased attention over the two last decades (Allen, 2008; Cinner et al., 2016; Roberts, 2002) .
Our ability to anticipate and potentially mitigate biodiversity loss is of prime importance and will serve as an example for our ability to preserve an exceptionally rich area. Species loss in the CT is not only a conservation concern but also poses a food security challenge similar to one faced by most tropical and biodiversity-rich countries (Lal, 2004; Lobell et al., 2008; Schmidhuber & Tubiello, 2008) . In a region where fish consumption accounts for more than 20% of the daily animal protein intake and fish supply largely relies on one of the largest fisheries worldwide (FAO, 2018) , sustainable management of fish resources is of broad concern. The issue is amplified by the global decline of marine fish stocks, which the current rate, questions both the sustainability of ocean resource harvesting, and the resilience of marine ecosystems (Hughes et al., 2003; Tittensor et al., 2010) .
Most large-scale fisheries studies for the Indo-Pacific ocean have focused on linking biomass through space and/or time to varying parameters affecting them (Cinner, Graham, Huchery, & Macneil, 2013; Cinner et al., 2016; Maire et al., 2016) . In ecosystems home to thousands of species and tenths of closely related and morphologically similar species, biomass represents a straightforward shortcut to address ecosystem functioning and fisheries dynamics. It can be used to monitor fisheries through time and detect potential stock collapses . While this approach allows to document large-scale fisheries trends and to identify regions where those jeopardize food security, it is of limited value for the exploration of ecological dynamics driving species coexistence and ecosystem resilience (Chase & Leibold, 2002; Gravel et al., 2011; Massol et al., 2011; Yachi & Loreau, 1999) .
In addition, biomass estimates are usually derived from fisheries statistics or underwater visual census through allometric lengthweight relationships, further converted into units of mass per area, a proxy that only account for a fraction of the coral reef biodiversity. This level of granularity and the increasing consumer demand for better food traceability requires reliable and routine species level identification of fish products.
DNA barcoding, the use of a 650 base pair sequence of the mitochondrial Cytochrome Oxidase I gene as an internal species tag (Hebert, Cywinska, Ball, & Waard, 2003) , provides the necessary ability to assign unknown samples to known species independent of the source of samples. It also offers an unprecedented level of resolution in cases where traditional morphology failed to reliably assign unknowns to knowns and thereby enables a number of applications for marine fisheries and ecosystem research such as the detection of sea food market substitutions (Chin, Adibah, Danial Hariz, & Siti Azizah, 2016; Di Pinto et al., 2015; Holmes, Steinke, & Ward, 2009; Pardo et al., 2018; Wong & Hanner, 2008) , the detection of previously unrecorded species (Collet et al., 2018; Kiszka et al., 2018) or the exploration of early life stage dynamics at the species level (Hubert, Espiau, Meyer, & Planes, 2015; Kimmerling et al., 2018; Steinke, Connell, & Hebert, 2016) . The utility of DNA barcoding, however, always depends on the taxonomic coverage of an associated DNA barcode reference library. Recent DNA barcoding studies of reef fish diversity in the Indo-Pacific Ocean unraveled historical taxonomic conflicts, discovered cryptic or unrecognized diversity, and confirmed the need for more complete reference libraries for this region (Durand, Hubert, Shen, & Borsa, 2017; Hubert et al., 2012 Hubert et al., , 2017 Randall & Victor, 2015; Steinke, Zemlak, & Hebert, 2009; Winterbottom, Hanner, Burridge, & Zur, 2014) .
In order to determine the fish diversity harvested by artisanal fisheries in the CT, we set out to build a DNA barcode inventory of the shore fish species retailed at Ambon Island. This approach not only accounts for potential cryptic diversity but also helps to establish a sustainable resource for fisheries monitoring and food traceability. Ambon Island is located in the centre of the CT and has been identified as one of a few bright spots in the Indo-Pacific where biomass is still higher than expected especially when considering overall environmental conditions and socioeconomic drivers of the region . Ambon Island can serve as a model for artisanal fisheries in less perturbed parts of the CT, and the diversity of landed fish determined by our study is expected to provide valuable information on fisheries trends elsewhere.
| MATERIAL S AND ME THODS

| Sampling, morphological identification, and acquisition of DNA barcodes
A total of 1,187 specimens were collected at Ambon harbor between March and December 2016 ( Figure 1 ). Specimens were selected at the harbor based on the morphological diversity available at each time the fish stalls were visited. Provided a species was sampled on day one, the same species was sampled again if encountered later in order to build a comprehensive coverage of the taxonomic diversity retailed. This was done to ensure that closely related species, potentially requiring a more careful examination of diagnostic morphological characters, were not overlooked. Morphological identification was initially done following (Erdmann & Allen, 2012 ) and subsequently (postsequencing) confirmed through a Barcode Index Number (BIN) discordance report as implemented in the Barcode of Life Datasystem (BOLD- Ratnasingham & Hebert, 2007) in order to spot potential misidentification. Upon detection of discordances, secondary morphological identifications were performed using original species descriptions of the taxa under scrutiny. Specimens were photographed and individually labeled, and voucher specimens were preserved in a 5% formalin solution. A fin clip or a muscle biopsy was taken for each specimen prior to preservation and fixed in a 96% ethanol solution for further genetic analyses. Both tissue and voucher specimens were deposited at the collection of the Maritime and Marine Science Center of Excellence at the University of Pattimura.
A total of 760 specimens were selected for sequencing in order to cover as much as possible of the intraspecific genetic diversity by selecting specimens originating from different sampling events in order to validate the identification hypotheses initially produced. Genomic DNA was extracted using a Qiagen DNeasy 96 tissue extraction kit following the manufacturer's specifications. The standard 652-bp segment from the 5' region of the cytochrome oxidase I (COI) was subsequently amplified under the following thermal conditions: Two min at 95°C; 35 cycles of 0.5 min at 94°C, 0.5 min at 52°C, and 1 min at 72°C; 10 min at 72°C; then held at 4°C. The 12.5 μl PCR reaction mixes included 6.25 μl of 10% trehalose, 2.00 μl of ultrapure water, Sequencing kit (Applied Biosystems, Inc.) on an ABI 3730xl capillary sequencer following manufacturer's instructions (for more detail and alternatives see Steinke, Prosser, & Hebert, 2016) . Bidirectional sequences were assembled and edited using CodonCode Aligner software (CodonCode Corporation) prior to their upload.
DNA barcodes, photographs, sequences, and collection data were deposited on BOLD in the data set "DNA barcode reference library for the commercial shore fishes of Ambon Island" (https:// doi.org/10.5883/DS-BMFAMB). Sequences were also submitted to GenBank, and Accession Numbers are accessible through the BOLD individual records.
| Species delimitation and genetic distances
DNA sequence divergence was calculated using the Kimura 2-parameter (K2P) model. The midpoint rooted Neighbor-joining (NJ) tree of K2P distances was constructed to provide a graphic representation of the species divergence as implemented in the Sequence Analysis module of BOLD (Ratnasingham & Hebert, 2007) . Sequence divergence below and above species boundaries was determined by calculating the maximum intraspecific distance and the distance to the closest phylogenetic neighbor in the data set.
Four sequence-based methods were used for species delimitation. From now on, species identified based on traditional morphological characters will be referred to as species while species delimited by DNA sequences will be referred to as Operational Taxonomic Unit (OTU), which represent diagnosable molecular lineages (Avise, 1989; Moritz, 1994; Vogler & DeSalle, 1994) . The species delimitation methods used are based on different assumptions but they all focus on the detection of transition points between mutation/drift (within species) and speciation/extinction (between species) dynamics (Hubert & Hanner, 2015) . Each method is susceptible to pitfalls which is why our final delimitation scheme was based on a 50% consensus among methods in order to produce a robust delimitation Ambon (Kekkonen & Hebert, 2014; Kekkonen, Mutanen, Kaila, Nieminen, & Hebert, 2015) . OTUs were delimited using the following algorithms:
(a) Refined Single Linkage (RESL) as implemented in BOLD and used to produce Barcode Index Numbers (BIN) (Ratnasingham & Hebert, 2013 were sampled every 10,000 states after an initial burnin period of 10 million, and both runs were combined using LogCombiner 2.4.8 (Bouckaert et al., 2014) . A maximum credibility tree was constructed using TreeAnnotator 2.4.7 (Bouckaert et al., 2014) . Duplicated sequences were pruned prior to the Bayesian analysis.
| RE SULTS
We were able to obtain 696 sequences representing 202 species, 73 genera and 24 families from 760 sampled individuals (92%).
Amplification failures were randomly distributed among species, and all species were successfully sequenced. Sequence length for all barcodes was >600 bp and no codon stops were detected suggesting that these sequences correspond to functional coding regions. Of the 24 families sampled, the families Serranidae ( groupers Epinephelus and Cephalopholis with 12 and 10 species, respectively ( Figure 2b ).
Intraspecific distances ranged from 0% to 7.12% with an average of 0.32% while interspecific distances within genus ranged from 0% to 21.83% (average 12.05%; Table 1 ). The distributions of the maximum intraspecific distance and the distance to the nearest neighbor overlapped (Figure 3a,b) ; however, nearest neighbor distances were 30-fold higher on average than maximum intraspecific distances ( The OTU delimitation analyses yielded varying numbers of OTUs depending on the algorithm used ( Figure 4 and Table S3 ). Numbers of delimited OTUs were 206 for RESL, 217 for ABGD, 160 for mPTP, and 216 for mGMYC ( Figure 4 and Table S3 ). The consensus delimitation scheme yielded 208 OTUs for 202 nominal species, highlighting several conflicts between OTUs and species delimitation ( Figure 4 and Figure S1 and Table S2 ). , Foresti, & Oliveira, 2011) . The ratio recovered for this study is high indicating that most species consist of tightly defined clusters of DNA barcodes. It may decrease with increasing spatial and taxonomic scale given the high levels of intraspecific genetic distances that have been previously reported for Indo-Pacific reef fishes at the regional scale (Hubert et al., 2012 Steinke et al., 2009; Winterbottom et al., 2014) . This trend for Indo-Pacific reef fishes is due to high levels of cryptic diversity especially when species with distribution ranges spanning across the Indian and Pacific ocean are included Zemlak, Ward, Connell, Holmes, & Hebert, 2009 ). This study confirms, however, that at the local scale, DNA barcoding-less prone to inflated intraspecific genetic distances due to taxonomic uncertainties and cryptic diversitycan be successfully applied to automated identifications of fishes.
| D ISCUSS I ON
Hanner
We detected several cases of cryptic diversity in 4% of the species under scrutiny (16 OTUs delineated within 8 species)' by 'We detected several cases of cryptic diversity (16 OTUs delineated within 8 species), representing 4% of the species under scrutiny. This rate is lower than in previous assessments at regional scale in the Indian and Pacific oceans where 10% of species contained cryptic and highly divergent lineages (Hubert et al., 2012 . Several cases of shared haplotypes were also detected within Lutjanus and particularly Siganus species. Those potentially result from introgressive hybridization and/or overlapping morphological characters. Several cases were expected as mitochondrial introgression was previously reported for Siganus based on a comprehensive assessment of genetic diversity at mitochondrial and nuclear markers (Kuriiwa, Hanzawa, Yoshino, Kimura, & Nishida, 2007; Ravago-Gotanco, Cruz, Josefa Pante, & Borsa, 2018) . In such cases that constitute a limit where sister-species co-occur and hybridize (Ravago-Gotanco et al., 2018) , mitochondrial markers will inflate the number of false positives (i.e. considering heterospecifics as conspecifics). The amount of false positives detected does not exceed 4% of the specimens analyzed suggesting that, if cautiously interpreting the individual assignment for those species, automated identification can be performed (Collins & Cruickshank, 2014) .
This study highlights that artisanal fisheries in the CT harvest a substantial amount of species that originate from a diversity of shore and Lutjanidae (Lutjanus) as both rank first and second in terms of number of species landed, respectively. This trend is of particular concern for the sustainability of the CT fisheries as groupers (Serranidae) have already been identified as severely threatened by overfishing (Sadovy de Mitcheson et al., 2013) . Both families (with 138 Serranidae and 59 Lutjanidae species) are also not among the most species-rich in the Indonesian archipelago (Froese & Pauly, 2014) , which amplifies the pressure through increased fisheries.
This study confirms the potential of DNA barcoding for the automated identification of Indo-Pacific shore fishes (Delrieu-Trottin et al.,2019; Durand et al., 2017; Hubert et al., 2017 Hubert et al., , 2012 Jaafar, Taylor, Mohd Nor, Bruyn, & Carvalho, 2012; Randall & Victor, 2015; Steinke et al., 2009; Ward, Costa, Holmes, & Steinke, 2008; Winterbottom et al., 2014) and opens new perspectives for the monitoring of CT fisheries. By providing the first reference library available to date for commercial shore fishes of the CT, this study enables the DNA-based assignment of unknown individuals to known species. In extremely diversified biomes, identification of fish species through morphological characters is a difficult task that relies on a few specialists worldwide. As a consequence of the worldwide loss of taxonomists, Indo-Pacific shore fish taxonomy has largely became a black box for many groups (Hubert & Hanner, 2015) . This development might have also led to the biomass-based approach to the study of shore fisheries trends in the Indo-Pacific TA B L E 2 Summary statistics of the 16 OTUs among the 8 species with more than a single OTU including their BIN, maximum intraspecific distance and distance to the nearest neighbor (Cinner et al., 2013 Maire et al., 2016) . While biomass is certainly a useful proxy for determining fisheries trends and their impact on ecosystems dynamics, it has its limits, particularly in the context of extreme species richness as observed in the CT. Biomass and species richness are not correlated for the Indo-Pacific as a whole. Biomass peaks at peripheral areas of the CT while species richness peaks for intermediate levels of biomass, a trend that has been suggested based on mathematical models (Mouillot & Mouquet, 2006) . This trend shows that ecological dynamics for most species-rich ecosystems are complex and likely rely on a large array of drivers including their biogeographical history, community assembly dynamics and persistence through time (Gaboriau et al., 2018; Gaither & Rocha, 2013; Hubert et al., 2012; Pellissier et al., 2014 (Mariac et al., 2018) . This publication has ISEM number 2019-280-SUD.
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